ABSTRACT Background: Maternal diet during pregnancy may affect body composition of the offspring later in life, but evidence is still scarce. Objective: We aimed to examine whether maternal dietary patterns during pregnancy are associated with body composition of the child at age 6 y. Methods: This study was performed among 2695 Dutch motherchild pairs from a population-based prospective cohort study from fetal life onward. Maternal diet was assessed in early pregnancy by a 293-item semiquantitative food-frequency questionnaire. Vegetable, fish, and oil; nuts, soy, and high-fiber cereals; and margarine, snacks, and sugar dietary patterns were derived from principal component analysis. We measured weight and height of the child at age 6 y at the research center. Total body fat and regional fat mass percentages of the child were assessed with dual-energy X-ray absorptiometry. Results: In the crude models, statistically significant associations were found for higher adherence to the vegetable, fish, and oil dietary pattern and the nuts, soy, and high-fiber cereals dietary pattern with lower body mass index, lower fat mass index, and lower risk of being overweight, but none of these associations remained significant after adjustment for sociodemographic and lifestyle factors. We found no associations between the margarine, snacks, and sugar dietary pattern and any of the outcomes. Conclusion: Our results suggest that the associations between maternal dietary patterns during pregnancy and body composition of the child at age 6 y are to a large extent explained by sociodemographic and lifestyle factors of mother and child.
INTRODUCTION
Childhood overweight and obesity are a major public health problem, and in 2010, the prevalence was estimated to be 11.7% in developed countries (1) . Overweight and obesity during childhood can cause several health complications, including insulin resistance and high blood pressure (2) . In addition, overweight and obese children are more likely to become overweight adults (3) and have a greater risk of developing chronic diseases, such as type 2 diabetes mellitus and cardiovascular diseases (4) .
Maternal lifestyle during pregnancy has been suggested to influence the risk of obesity in childhood. Professor David Barker was one of the first who proposed this phenomenon of fetal programming, also known as the "Barker hypothesis" (5) . Maternal diet during pregnancy is one of the lifestyle factors that may have an effect on fetal programming (6, 7) . Besides a direct effect of maternal diet on fetal growth, epigenetic alterations in the fetus may change fetal metabolism, which in turn could alter growth or body composition unfavorably later in life (8) . Furthermore, specific groups of mothers might have different nutritional requirements and therefore may respond differently to the effects of diet, which could result in an altered body composition of the children within these subgroups.
Some studies indeed have shown an association between nutrition during pregnancy and body composition of the offspring. Higher maternal blood levels of n-6 fatty acids (9) and folate (10) have been associated with higher fat mass in the offspring at age 6 y. However, other studies did not replicate these findings (11, 12) . Only one study investigated food group intake during pregnancy, which showed that a higher maternal meat intake was associated with a higher fat mass in adolescents, but no associations with vegetables, fish, fruit, and milk were found (13) . All of these studies investigated single nutrients or foods, but people do not eat isolated nutrients or foods but whole diets instead. The approach of analyzing dietary pattern accounts for synergy in whole diets and also considers the degree of interaction among nutrients (14) . To our knowledge, only one study investigated the association between maternal diet during pregnancy and infant body composition with dietary pattern analysis, and this study looked at body composition when the infant was up to 6 mo of age (15) . The latter study found no association, raising the question whether the children in the study population were too young to see the effects of fetal programming.
Hence, the purpose of this study was to investigate the influence of different maternal dietary patterns during pregnancy on multiple indexes of body composition in the offspring at age 6 y. In addition, we adjusted for several potential confounders to assess whether this association was independent of sociodemographic and lifestyle factors.
METHODS

Study design
The present study was embedded within the Generation R Study, an ongoing population-based prospective cohort study from fetal life onward that has been described in detail (16) . In short, the Generation R Study is conducted in Rotterdam, the second largest city in the Netherlands. All mothers with a delivery date between April 2002 and January 2006 were eligible. In total, 9778 mothers were enrolled in the study, of whom 7069 were included during early pregnancy. Consent was provided by 92% of the mothers for postnatal follow-up of their children. Of the live-born children, 81% still participated in the study at age 6 y. The study was conducted in accordance with the World Medical Association Declaration of Helsinki and was approved by the Medical Ethics Committee at Erasmus Medical Center, University Medical Center Rotterdam, Netherlands. Written consent was obtained from all participants.
Population for analysis
A flowchart of the selection process of the study population is shown in Figure 1 . Because cultural differences could influence the definition of dietary patterns and the dietary assessment was designed for a Dutch population, only the subset of mothers of Dutch national origin were eligible for this study (n = 4097), with dietary data being available in 3559 mothers. Mothers who had a multiple pregnancy (n = 102), underwent abortion (n = 8), had a stillbirth (n = 16), or were lost to follow-up (n = 3) were excluded. Dietary patterns were determined in the 3479 mothers with a singleton live birth. At the child's age of 6 y, 790 mother-child pairs did not visit the research center, leading to a population for analysis of 2689. Data of fat mass and lean mass were available in 94% of these children (n = 2520).
Dietary assessment
Information about dietary intake in early pregnancy (median 13.4 wk of gestation; 95% range: 9.9, 22.8 wk) was obtained with a self-administered semiquantitative food-frequency questionnaire (FFQ). This FFQ was validated in a Dutch elderly population and was adapted for use during pregnancy (17) . The FFQ was validated with three 24-h recalls in a group of Dutch pregnant women in Rotterdam (n = 71), who were visiting the midwifery. The intraclass correlation coefficients for energy-adjusted macronutrient intake were between 0.48 and 0.68 (N Bergen, Erasmus Medical Center, unpublished data, 2015). The FFQ consists of 293 items and comprises questions about consumption frequency, portion size, preparation method, and additions to the dish. Dutch household measures and photographs were used to make approximations about portion size (18) . Mean daily nutrient intake was calculated with the use of the Dutch food composition table from 2006 (19) .
Principal component analysis (14) was used to determine dietary patterns. First, the 293 individual food items were reduced to 23 food groups ( Table 1 and Supplemental Table 1 ). This division was based on the Voedselconsumptiepeiling classification (20) , but some adjustments toward this division have been made to better capture specific nutrients (e.g., dividing cereals into low-and high-fiber cereals). Only factors (i.e., dietary patterns) with an eigenvalue of $1.5 were extracted to reduce bias as a result of multiple testing and to identify the most common dietary patterns in the study population. This decision was based on a combination of the scree plot, the Kaiser criterion (21) , and the interpretability of the factors. The Varimax rotation was chosen because this generally leads to a number of components, with each having a small number of large factor loadings and a large number of small factor loadings (22) . This enhances the interpretation of the dietary patterns because each dietary pattern represents only a small number of food groups (and thus leads to less heterogeneous dietary patterns). Subsequently, a factor loading was calculated for each food group, which illustrates the extent to which each food group is correlated with the specific dietary pattern. The 3 highest positive factor loadings per dietary pattern were used to label the dietary pattern (Table 1) . For each mother, regression-based scores were extracted, which are SD scores that correspond with the similarity of one's diet to one of the dietary patterns, and these scores were used as adherence scores for these dietary patterns. Subsequently, the adherence scores of the mothers of the population for analysis (n = 2689) were categorized into quartiles.
Child body composition
At age 6 y, all children were invited to visit our dedicated research facility in Sophia Children's Hospital, Rotterdam, Netherlands, where measures of body composition were obtained by the use of standardized procedures by well-trained research staff. Weight was measured with light clothing and without shoes to the nearest gram with an electronic scale (SECA), and height was measured in standing position to the nearest 0.1 cm by a stadiometer (Holtain Limited). BMI was calculated as the weight in kilograms divided by the height in meters squared (kg/m 2 ). With the use of BMI, children were classified as overweight or obese according to the cutoff points from the International Obesity Task Force (23) . These cutoff points were age and sex specific. For example for 6-y-old children, a boy would classify as overweight with a BMI .17.55 kg/m 2 and a girl would classify as overweight with a BMI .17.34 kg/m 2 . We used dual-energy X-ray absorptiometry scans (iDXA scanner; GE Healthcare) (24) to assess total body fat and regional fat mass percentages. The iDXA scanner can measure total body fat with an accuracy of ,0.25% CV (24) . The android/gynoid fat mass ratio was calculated by dividing the abdominal fat mass by the fat mass around the hips, thighs, and buttocks. For each outcome, age-and sex-specific SD scores were calculated based on the total population.
Covariates
Several sociodemographic, medical, and behavioral characteristics were considered possible confounders. Information regarding maternal age, prepregnancy BMI (using self-reported prepregnancy weight and height measured at intake), education (low compared with high), family income [,V2200 compared with $V2200 (US$2400)/mo], parity (nulliparous compared with multiparous), maternal smoking (never during pregnancy, until pregnancy was known, or continued throughout pregnancy), maternal continuation of alcohol during pregnancy (never during pregnancy, until pregnancy was known, or continued throughout pregnancy), folic acid supplementation (not used, started during first 10 wk, or started periconceptionally), stress during pregnancy (Global Severity Index), and vomiting and feeling nauseous (once a week or less compared with daily or a few days a week) was obtained from prenatal questionnaires sent in different trimesters.
Information on sex of the child, gestational age, and birth weight was available from obstetric records assessed in hospital registries and midwife practices (16) . Information regarding breastfeeding of the child (never, partially breastfed in the first 4 mo, or exclusively breastfed for at least 4 mo) was collected by MATERNAL DIET AND CHILD BODY COMPOSITION a combination of delivery reports and postnatal questionnaires. Other postnatal questionnaires completed by the mother included information on watching television (hours) at 2 y of age and participation in sports (yes compared with no) at 6 y of age.
Statistical analyses
Models
We used standardized scores of exposures (i.e., maternal dietary patterns) and outcomes (i.e., child body composition measures), which were both normally distributed. We also assessed the normality of the distribution of the residuals and their variance, and the distributional assumptions of the residuals for linear regression were met. All associations were then assessed in a crude model. In addition, we used multivariable linear regression to determine the association between different dietary patterns and child BMI, fat-free mass index, fat mass index, total body fat percentage, or android/gynoid fat mass ratio. Multivariable logistic regression was used to assess the association between the different dietary patterns and the risk of being overweight. The dietary patterns were analyzed in quartiles of adherence, and trend tests were performed with the adherence score as a continuous variable. Potential confounders were selected on the basis of the association with the exposure and/or the outcome. Each confounder was then entered individually into a linear regression model of dietary patterns and child BMI, total body fat percentage, or android/ gynoid fat mass ratio at age 6 y. Confounders were included in the model when they induced a change in effect estimate of at least 5% for one of the outcomes and included for all outcomes (25) . Hence, the same multivariable models were used for all outcomes. A cutoff of 5% change in effect estimate was chosen, because many factors are known to influence both maternal diet and child body composition, and the study population was seen as large enough for this low cutoff. Furthermore, we created a multivariable model with and without maternal total energy intake to assess whether the association between the dietary patterns and child body composition was explained by total energy intake, because an association found between a dietary pattern that consists mainly of high-energy foods and a disease outcome may be an effect of a high-calorie intake instead of being determined by the specific foods of a pattern.
Missing data
To prevent bias due to missing data, we used multiple imputation (26) (N = 10, for details and results: Supplemental Table 2 and Supplemental Table 3 ) to replace missing values on covariates. Analyses were performed in each of the 10 imputed data sets separately, and final results were pooled.
Additional analyses
Some variables were expected to be effect modifiers, because the effects of the different dietary patterns on child body composition might differ within strata of these variables. Therefore, we tested for possible interactions between dietary patterns and maternal prepregnancy BMI, maternal folic acid use, maternal smoking during pregnancy, vomiting during pregnancy, nausea during pregnancy, and maternal energy intake by adding an interaction term (i.e., adherence score 3 stratum) to the multivariable model. Stratified analyses were performed when a statistically significant interaction was found. Also, based on the hypothesis that growth patterns might differ between girls and boys (27), we stratified our analyses for sex of the child.
For all the analyses, P , 0.05 was considered statistically significant. The statistical analyses were performed with SPSS Statistics 22.0 (SPSS, Inc.).
RESULTS
Study population
We identified the following dietary patterns within our study population: vegetable, fish, and oils; nuts, soy, and high-fiber cereals; and margarine, snacks, and sugar. These 3 dietary patterns account for 25.8% of the variance in food consumption.
Maternal and child characteristics of the study population are presented in Table 2 . Most mothers followed higher education (62.7%) and were also mostly nulliparous (61.9%). In addition, most mothers (75.9%) did not smoke during pregnancy, but approximately half of the mothers in the study population continued Associations between maternal dietary patterns and offspring body composition at age 6 y Values (regression coefficients with 95% CIs in parentheses) reflect differences in outcomes (age-and sex-specific SD scores) for quartiles 2-4 compared with the lowest quartile. Trend tests were performed with an adherence score (SD scores) as a continuous variable in the model. The multivariable model was also adjusted for maternal age, gestational age at dietary assessment, smoking, folic acid supplement use, continuation of alcohol during pregnancy, educational level, family income, parity, prepregnancy BMI, stress during pregnancy, child sex, breastfeeding, television watching at 2 y, and participation in sports at 6 y. *P , 0.05, **P , 0.01. Q, quartile.
drinking alcohol while they were pregnant (51.8%). Characteristics of the mothers and children who were excluded during the selection of the study population are shown in Supplemental  Table 4 .
Associations of dietary patterns with offspring body composition
Higher adherence to the vegetable, fish, and oil dietary pattern was associated with lower BMI in the offspring in the crude model ( Table 3) . After adjustment for lifestyle and sociodemographic factors, results were no longer significant. We found no significant associations between the nuts, soy, and high-fiber cereals or the margarine, snacks, and sugar dietary pattern and child BMI.
Analyses of fat-free mass index and fat mass index revealed that the crude association between the vegetable, fish, and oil dietary pattern and lower BMI was driven by a lower fat mass index. Also, higher adherence to the nuts, soy, and high-fiber cereals dietary pattern was associated with a lower fat mass index. The linear trend (per SD of adherence score) was significant for both patterns (P , 0.01), although the results from the quartiles suggested that the difference between quartiles 1 and 2 was largest. Nevertheless, for both dietary patterns, no consistent significant associations remained after adjustment for sociodemographic and lifestyle variables (Table 3) .
Additional adjustment for total energy intake did not alter the results (data not shown).
Supplemental Table 5 shows the associations of the dietary patterns with offspring body fat percentage and android/gynoid fat ratio. Higher adherence to the vegetable, fish, and oil dietary pattern and the nuts, soy, and high-fiber cereals dietary pattern was significantly associated with lower body fat percentage and lower android/gynoid fat ratio in the offspring in the crude model. However, the associations did not remain significant after adjustment for confounders.
Associations of dietary patterns with child overweight/obesity
Compared with the lowest quartile, quartiles 3 and 4 of the vegetable, fish, and oil dietary pattern and quartiles 2, 3, and 4 of the nuts, soy, and high-fiber cereals dietary pattern were significantly associated with a lower risk of the child being overweight in the crude model ( Figure 2) . After adjustment for sociodemographic and lifestyle variables, these associations were no longer significant. We observed no significant association between the margarine, snacks, and sugar dietary pattern and the child's risk of being overweight. Additional adjustment for total energy intake did not alter these results (data not shown).
Additional analyses
We stratified for sex of the child. Results did not differ within strata of sex of the child (data not shown).
We observed a significant interaction between maternal folic acid supplement use and the nuts, soy, and high-fiber cereals dietary pattern on BMI of the child (P , 0.01). Stratification by maternal folic acid use showed a significant association (P-trend , 0.01) between the nuts, soy, and high-fiber cereals dietary pattern and BMI of the child only in the group of mothers who started folic acid periconceptionally (P-trend = 0.01) and not in those who started in the first 10 weeks (P-trend = 0.82), or those who never used folic acid supplements (P-trend = 0.32) (data not shown).
No significant interactions were found for maternal prepregnancy BMI (all P . 0.27), maternal smoking during pregnancy (all P . 0.14), maternal energy intake (all P . 0.28), vomiting during pregnancy (all P . 0.09), or feeling nauseous during pregnancy (all P . 0.32).
FIGURE 2
Associations between maternal dietary patterns and a child's risk of being overweight at age 6 y (n = 2689). ORs (with 95% CIs) reflect the risk of being overweight or obese for quartiles 2-4 compared with the lowest quartile. The multivariable model was adjusted for maternal age at intake, gestational age at dietary assessment, smoking, folic acid supplement use, continuation of alcohol during pregnancy, educational level, family income, parity, prepregnancy BMI, stress during pregnancy, sex of the child, breastfeeding, watching television at 2 y, and playing sports at 6 y. *P , 0.05, **P , 0.01. Q, quartile.
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DISCUSSION
In a population-based prospective birth cohort, we observed that adherence to a vegetable, fish, and oil; nuts, soy, and highfiber cereals; or margarine, snacks, and sugar dietary pattern during pregnancy was not independently associated with child body composition at age 6 y. All significant associations in the crude models of the vegetable, fish, and oil and the nuts, soy, and high-fiber cereals dietary patterns were no longer significant after adjustment for sociodemographic and lifestyle factors.
Maternal diet is one component of the intrauterine environment that is critical to fetal development (8) . In previous studies, a maternal Western diet (28) and wheat products diet (29) during pregnancy were shown to be associated with a lower birth weight, which in turn could alter later body composition (30, 31) . On the basis of the phenomenon of fetal programming, which emphasizes prenatal nutrition as a key determinant for the increased risk of diseases later in life (5), we hypothesized that maternal diet during pregnancy could have a substantial influence on a child's body composition.
There might be several explanations why the present findings do not correspond with the hypothesis. Dietary patterns derived from principal component analysis are data driven and thus differ across populations. In our population, the most pronounced dietary patterns were characterized by high intake of healthy components. A more unhealthy diet, such as a Western diet, which is characterized by an excessive amount of saturated fat and carbohydrates, may have a larger impact on a child's body composition beyond other lifestyle and sociodemographic factors. An animal study demonstrated that 10-wk-old rats of mothers fed a junk-food diet during gestation and lactation had an increased body weight (32) . In addition, previous studies on the influence of maternal nutrient intake on child body composition showed that food components that are seen as more unhealthy, such as high intake of n-6 fatty acids or glucose, are associated with a higher BMI at age 3 y (33) or fat mass at age 6 y (9), respectively. The margarine, snacks, and sugar dietary pattern identified in our study has some similarities to a Western diet, but the pattern is also characterized by some relative "healthier" foods, such as a higher intake of nuts, seeds, olives, and high-fiber cereals, which may explain the discrepancy between our results and those from other studies.
Another explanation that our findings do not correspond with the hypothesis could be that previously reported associations between maternal nutrient intake during pregnancy and child body composition may not be independent. Observational studies on diet and body composition are very susceptible to bias, because sedentary behavior, physical activity, and other factors that are related to child body composition are often clustered with specific dietary patterns. It is thus likely that these previously observed associations can at least partly be explained by other characteristics. In our study, all significant associations in the crude models were no longer significant after adjustment for sociodemographic and lifestyle factors. Other studies that did find associations between maternal diet during pregnancy and child body composition did not always adjust for maternal covariates, such as maternal folic acid use (9, 13) or prepregnancy BMI (10, 13) , which were important confounders in our analyses. In addition, the study that reported the association between a high meat intake and a high fat mass in 16-yold adolescents (13) may have the benefits of the longer follow-up period, but this also increases the risk of residual confounding. More confounding factors could be involved, and some of these factors may need to be measured more frequently. For example, sociodemographic factors were collected at the time of birth of these children and are likely to have changed during the follow-up.
To our knowledge, only one previous study investigated the association between maternal diet during pregnancy and child body composition with the use of dietary pattern analysis (15) . This study did not find a significant association between maternal dietary patterns during the third trimester of pregnancy and infant weight at 4-6 mo. They did not use principal component analysis to derive a posteriori dietary patterns; instead, dietary patterns were evaluated by a priori diet scores (i.e., Alternative Healthy Eating Index for Pregnancy and Mediterranean diet) and therefore are likely to reflect optimal patterns. Thus, the focus of that study was more on a healthy diet, whereas an unhealthy diet during pregnancy might be more likely to unfavorably influence child body composition.
Our study has several strengths, including a large sample size, prospective data collection, and information on a large number of potential confounders. Also, the comprehensive measures of the body composition of the children enabled us to investigate different aspects of body composition. In addition, the use of dietary patterns has the advantage that it reflects the entire diet of the mothers, thereby considering the interactions among nutrients and synergy in diets (14) . We used an FFQ to assess maternal diet. An FFQ measures habitual diet and is considered a valid approach to assess dietary patterns (34) .
This study also has some limitations to consider. The definition of the food groups for identifying the dietary patterns was restricted by choices made in the design of the FFQ. For example, in one answer in the FFQ, both vegetables with a high and a low folic acid content were combined, but it might be interesting to make a division between them based on an earlier study that reported that a higher maternal folate concentration during pregnancy was associated with a higher adiposity in the offspring at age 6 y (10). Nevertheless, for other food groups, it was possible to make a division, such as the dairy products food group, which we divided into high fat and low fat. Another limitation of the study is that a self-reported diet is prone to measurement error, because it relies on memory and people are likely to underestimate their nutritional intake (35) . Usually, this leads to an underestimation of any true association. We corrected for this by adjusting for total energy intake in an additional model, which reduces potential systematic measurement error (36) , and this did not alter our results.
As in many prospective studies, we had missing data on our covariates, which may lead to attrition bias. However, we used multiple imputation to impute missing values, which has shown to be a reliable method to minimize attrition bias (37) . Furthermore, during the selection of the study population, 34.2% of the participants were excluded. The 1402 mothers who were excluded were on average lower educated (50.7% had only primary or secondary education compared with 37.8% of the 2695 mothers who were included), were more likely to continue smoking during pregnancy (24.1% compared with 14.6% in the study population), and were less likely to start folic acid supplements periconceptionally (49.2% compared with 57.8% in the study population). Thus, our study population has a selection toward a more healthy population, and results in other populations might not be similar. In a population where unhealthy dietary patterns are more clearly present, an association between maternal diet and child's body composition might be easier to detect.
Nevertheless, our novel findings suggest that prevention of obesity in children should not focus solely on maternal diet during pregnancy but that other factors, such as maternal BMI, smoking, educational level, and continuation of alcohol consumption during pregnancy, may be more important targets for obesity prevention. In addition, our findings raise the question regarding external validity of the Barker hypothesis in relatively healthy populations and highlight the importance for future researchers in this area to be aware of confounding bias.
In conclusion, our results do not support the hypotheses that maternal dietary patterns during pregnancy are independently associated with body composition of the offspring at age 6 y when taking into account sociodemographic and lifestyle factors of both mothers and their children. It might be worthwhile to further investigate the influence of maternal dietary patterns during pregnancy on child body composition in other populations or subgroups because dietary patterns may differ between populations and considering the limited number of studies on this topic.
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